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INTRODUCTION 
Persistent organic pollutants and metals in aquatic environments are of 
concern due to their potential to negatively impact both aquatic organisms and 
people. Over the past century industrial activities have contaminated many coastal 
valuable ecosystems. Moreover, due to the grown of the population, cities are 
becoming bigger and bigger, progressively incorporating the surrounding rural 
areas. These megacities require and use enormous amounts of energy and 
materials, metabolizing them and generating large quantities of waste products and 
pollutants, thus resulting in unsustainable conditions that adversely affect 
ecological integrity and diversity, human health and well-being. 
In order to manage contaminants in the environment it is important to 
identify and quantify their sources, and to understand fate and transport 
mechanisms. This can be achieved through the integration of measurements and the 
use of models. The advantage of models is that they assemble a wide array of 
information into a common framework. Furthermore, models allow determining 
process rates that are difficult to measure and permit the simulation of future 
scenarios for the assessment of the environmental response to anthropogenic or 
natural influences, such as new or reduced contaminant inputs, and climate 
changes. In this way, models will assist decision-makers in system management. 
They will also be useful tools for the orientation of further research and the results 
will be fundamental for designing monitoring programmes aimed to provide the 
highest degree of information with the minimum cost.  
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RATIONALE 
At present, Multimedia Models represent the most used instruments, thanks 
to their applicability to every type of environment and the capability to integrate 
and quantitatively describe different processes within and between compartments. 
The fundamental concept of multimedia modelling is that any chemical introduced 
into the environment is distributed between the various components of the 
ecosystem (e.g., air, water, soil, sediments, biota, etc.) according to its chemical-
physical properties and those of each compartment.  
Mackay et al. (1983) introduced a family of multimedia, mass balance 
models that use fugacity as an equilibrium criterion. Fugacity, which accounts for 
the escaping tendency, has units of pressure and can be viewed as the partial 
pressure that a chemical exerts as it attempts to escape from one phase to another. 
When equilibrium is achieved, the chemical will have the same fugacity in all 
phases. Fugacity is related to concentration through the “fugacity capacity” Z, 
which expresses the capacity of a phase, or environmental medium, to hold a 
chemical. The largest is Z, the largest is the quantity of chemical that can be stored 
in a phase. The fugacity approach is suitable for organic compounds with a 
measurable vapour pressure and not highly reactive. 
The integrated models developed so far are unique for their applicability to 
many contaminants and their capability to link chemical loadings and potential 
health effects to human and ecosystem receptors. The current state of model 
development can be described as follows.  
 
1. Fate Model. This component is based on the QWASI (Quantitative Water 
Air Sediment Interaction) model of Mackay et al (1983). Over the years the 
models were extensively adapted, as described below: 
i. to treat both volatile (hydrophobic organics) and non-volatile (metals) 
chemicals, Mackay and Diamond (1989) introduced the “aquivalence” 
formulation. Aquivalence (i.e. equivalent aqueous concentration) is analogous to 
fugacity as an equilibrium criterion that greatly simplify model formulation and 
development; 
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ii. to take into consideration metals that exist as multiple, interconverting 
species, Diamond et al. (1992) expanded the aquivalence formulation to chemical 
speciation. This formulation relies on assessing the fraction of chemical species in 
each phase. These fractions are either obtained from field studies or by estimation 
procedures such as speciation-complexation modelling (Diamond, 1999); 
iii. the multispecies model has been loosely coupled with a 
speciation/complexation model to create a connected TRANsport-SPECiation 
model, TRANSPEC (Bhavsar et al., 2004). This model allows estimation of metal 
speciation in the aqueous phase (including binding to DOC in the colloidal phase) 
and complexation to solids that is governed by binding with Fe oxyhydroxides. In 
this way, Bhavsar et al. (2004) coupled MINEQL+ (Schecher and McAvoy, 1998) 
with the multi-species aquivalence fate model to estimate the fate of Zn in a 
contaminated lake. The coupled model has also been applied to estimate the fate 
of Hg in a reservoir (Gandhi et al., 2007). The latter model includes fish that 
affect the mass balance of methylmercury. 
 
2. Food Web Model. The models of Campfens and Mackay (1998) and 
Gobas and Morrison (2000) use the fugacity approach to estimate the uptake and 
transfer of hydrophobic organic contaminants in aquatic food webs. The models 
have been applied to describe contaminant dynamics in the food webs of Lake 
Ontario (Gobas et al., 1995), Lake Winnipeg (Gewurtz et al., 2006) and Lake 
Ellasjoen (Bear Island, Norway; Gandhi et al., 2006). For each organism in each 
level (excepting phytoplankton) contaminants are assumed to be uptaken through 
gill respiration and diet, and released into the water through metabolism, faeces, 
and other elimination mechanisms (e.g., through the gills). In this formulation, 
generally developed under steady state conditions, phytoplankton (suspended 
organic material), pelagic organisms and benthic macrophytes are assumed to be 
in chemical equilibrium with the water column, whereas benthic organisms and 
the organic detritus on the bottom are in equilibrium with the sediment 
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3. Risk Assessment. A general risk assessment model was developed that is 
applicable to ecosystem and human receptors (Archbold et al., 2007). The 
approach considers organic contaminants that do not undergo appreciable 
metabolism (e.g., PCBs, PCDD), and organic contaminants that can be 
metabolised (e.g., PAHs), as well as metals. The method is suitable for chronic 
exposure to low levels of contaminants over the life-time of the organism. For 
ecological risk assessment, the method considers a first tier assessment that 
compares estimated or measured contaminant concentrations in water and/or 
sediment with toxicological benchmarks for these media. The second tier 
considers specific ecological species and their uptake of contaminants from 
inhalation and ingestion (food and water). The total daily intake (TDI) is then 
compared to suitable toxicological benchmark doses to obtain a hazard quotient. 
 
4. Multimedia Urban Model (MUM). It was first implemented by 
Diamond et al. (2001) and Priemer and Diamond (2002) to describe the transport 
and fate of chemicals in urban areas. In addition to air, water, sediment, soil and 
vegetation compartments, the MUM takes into consideration the organic film that 
covers impervious surfaces (building walls, windows, streets, etc.) and enhance 
the mobility of chemicals through the wash off processes. This is parameterized as 
a very thin film (e.g. 100 nm) and an impervious surface index is used to account 
for the three-dimensionality. Chemicals are assumed to be in equilibrium between 
each phase (e.g. gas and particle phase in air) but equilibrium is not assumed 
among compartments.  
 
METHODS 
The Level III Quantitative Water Air Sediment Interaction or QWASI 
model of Mackay et al. (1983) as modified by Diamond (1999), which represents 
an aquatic environment with three well-mixed homogeneous bulk compartments 
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(water, upper sediment layer and lower sediment layer), was used. Dissolved and 
particulate phases (e.g., suspended sediment and sediment pore water) are in 
equilibrium within each bulk compartment. The atmosphere is considered as an 
infinite source to the system with a constant concentration.  
A mass balance equation is written for each compartment to represent the 
change in chemical mass with time. All input and removal pathways are assumed 
to occur simultaneously and instantaneously once a contaminant enters the system. 
The general mass balance equation for compartment b and chemical j is: 
∑∑ −+= bjbjajabjbj
bj
bb Df)f(D  E
dt
dfZV      (1) 
where Vb (m3) is the volume of compartment b, faj is the fugacity (Pa) of 
chemical j in compartment a, Z is the fugacity capacity for organics (mol m-3 Pa-1), 
Ebj (mol m-3) is the direct emission, Dabj (mol Pa-1 m-3) is the transport rate 
moving chemical j from compartment a to b, and Dbj is the transport rate removing 
chemical j from compartment b. For metals, fugacity is replaced with aquivalence 
(Mackay and Diamond, 1989) in Equation 1. 
In order to account for metal chemistry in each phase, the speciation-
complexation model TRANSPEC (Bhavsar et al., 2004) calculates two system- and 
species-specific values of distribution coefficients Kds: KdCD (colloidal-to-dissolved 
phases) and KdPD (particulate-to-dissolved phases) for both total metal and its 
species, based on ambient aqueous phase chemistry. Kds are used to calculate 
constituent species’ Z values required for the weighted averaged bulk Z-values 
used in the fate and transport model (Diamond et al., 1992). 
 
MODEL APPLICATION TO THE VENICE LAGOON 
An application of a multi media model to the Venice Lagoon has been 
presented by Sommerfreund et al. (2010a). The parametric uncertainty was 
assessed through a Monte Carlo analysis as described by Sommerfreund et al. 
(2010b). 
The model, written in Visual Basic and running on a PC in a Windows© 
environment, was applied to octachlorodibenzodioxin/furan (OCDD and OCDF), 
2,2',3,4,4',5,5'-Heptachlorobiphenyl (PCB-180 according to IUPAC nomenclature), 
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Pb and Cu to evaluate their sources and fate. 
In its first formulation the model considered a reference scenario of no 
wind, mean annual tributary flow and idealized sinusoidal tide level at inlets, which 
reflects steady-state hydrologic circulation patterns in the lagoon.  
As a further exercise, the model has been improved considering the two 
recurring winds in the area: scirocco, a warm wind from SE, blowing year-round, 
responsible of flooding (“acqua alta”) events in Venice (esp. in fall-winter); bora, a 
strong (up to 30 m s-1), cold NE wind blowing up to 40 day y-1 (esp. in winter). The 
model has been parameterized in the same way as the “no wind” scenario but 
changing the water circulation according to Solidoro et al. (2004) and Cucco and 
Umgiesser (2006). Modeling results suggest that contaminant fate is dominated by 
particle movement (deposition-resuspension) in the Lagoon through sediment-
water exchange in the no wind and in scirocco scenarios, and in a lower amount in 
bora simulation. The export of contaminant to the Adriatic Sea is enhanced by the 
two wind regimes compared to the reference, being the main removal mechanism 
especially in the bora scenario. As a consequence, the residence times of all the 
contaminants in the system are the lowest for bora. 
In conclusion this model, developed in a user-friendly environment and 
further implemented including the urban area of Venice, could be an useful tool in 
decision making for the safeguard of the Venice Lagoon.  
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